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(57) The present disclosure relates to an apparatus
and method for determining the angle of the target de-
tected by the radar of the vehicle. The target angle de-
termination apparatus may be configured to calculate a
first angle of the first group target included in the radar
data by using the first angle calculation algorithm with
the low resolution, to determine a part of the first group
target ad the second group target based on the possible
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driving route of the host vehicle, and to calculate the sec-
ond angle of the second angle target selected from the
first group target by using the second angle calculation
algorithm with the high resolution based on the possible
driving route of the host vehicle, so that it is possible to
minimize unnecessary calculation operations and reduce
the system load.
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Description
CROSS REFERENCE TO RELATED APPLICATION

[0001] Thisapplication claims priority from Korean Pat-
ent Application No. 10-2018-0025682, filed on March 5,
2018, which is hereby incorporated by reference for all
purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION
1. Field of the invention

[0002] An embodiment of the present disclosure re-
lates to an apparatus and method for determining a target
angle of a radar. Particularly, the embodiment of the
present disclosure relates to an apparatus and a method
for determining the angle of target detected by a radar
system.

2. Description of the Prior Art

[0003] A radar apparatus mounted in a vehicle or the
like is widely used as a sensor device for vehicle control.
The radar apparatus may transmit electromagnetic
waves having a predetermined frequency, receives a sig-
nal reflected from an object, and processes the received
signal so as to extract the position of the object, speed
information, or the like.

[0004] Theradarusedforvehicle controlneedstohave
angular resolution with high resolution.

[0005] In particular, when a high-resolution algorithm
is used in relation to the target angle analysis to measure
the angle of the target, it is possible to calculate the angle
information with high accuracy, but the calculation
amount is increased.

[0006] In addition, when a low-resolution algorithm is
used in relation to the target angle analysis, it is possible
to reduce the calculation but the accuracy of target angle
is decreased.

[0007] Accordingly, the present embodiment provides
a method of effectively determining angle information of
the target detected by a radar.

SUMMARY OF THE INVENTION

[0008] Inthis background, an aspectof the presentdis-
closure is to provide a method and apparatus for effec-
tively determining angle information of the target detect-
ed by a radar for vehicle.

[0009] Another aspect of the present disclosure is to
provide an apparatus and method for efficiently deter-
mining an angle of a target by applying a high resolution
algorithm and a low resolution algorithm.

[0010] Another aspect of the present disclosure is to
provide an apparatus and method for efficiently deter-
mining the angle of the target according to the driving
information of the vehicle.
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[0011] Another aspect of the present disclosure is to
provide an apparatus and method for determining an an-
gle of a target by selectively applying a high-resolution
algorithm and a low-resolution algorithm according to the
driving information of the vehicle.

[0012] Inaccordance with an aspect of the present dis-
closure, there is provided an apparatus for determining
a target angle, the apparatus including: a first angle de-
terminer for determining a first angle which is an angle
of a first group target included in a radar data; a driving
route determiner for determining a possible driving route
of a host vehicle based on a driving data of the host ve-
hicle; a second group target determiner for determining
a second group target including at least one target locat-
ed on the possible driving route among the first group
target based on the possible driving route and the first
angle determined; a second angle determiner for deter-
mining a second angle that is an angle of the second
group target located on the possible driving route among
the first group target based on the possible driving route
and the first angle determined; and, a target angle deter-
miner for determining the target angle by determining the
first angle as the target angle for the first group target
excluding the second group target and by determining
the second angle as the target angle for the second group
target.

[0013] In accordance with another aspect of the
present disclosure, there is provided a method for deter-
mining a target angle, the method including: determining
a first angle which is an angle of a first group target in-
cluded in a radar data; determining a possible driving
route of a host vehicle based on a driving data of the host
vehicle; determining a second group target including at
least one target located on the possible driving route
among the firstgroup target based on the possible driving
route and the first angle determined; determining a sec-
ond angle that is an angle of the second group target
located on the possible driving route among the first
group target based on the possible driving route and the
first angle determined; and, determining the target angle
by determining the first angle as the target angle for the
first group target excluding the second group target and
by determining the second angle as the target angle for
the second group target.

[0014] According to embodiments of the invention, it
is possible to effectively determine angle information of
the target detected by a radar for vehicle.

[0015] Also, it is possible to efficiently determine an
angle of a target by applying a high resolution algorithm
and a low resolution algorithm according to embodiments
of the invention.

[0016] Also, itis possible to determine the angle of the
target based on the driving information of the vehicle ac-
cording to embodiments of the invention.

[0017] Also, according to embodiments of the inven-
tion, it is possible to determine an angle of a target by
selectively applying a high-resolution algorithm and a
low-resolution algorithm according to the driving informa-
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tion of the vehicle.
BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The above and other aspects, features and ad-
vantages of the present disclosure will be more apparent
from the following detailed description taken in conjunc-
tion with the accompanying drawings, in which:

FIG. 1 is a schematic diagram of a target determi-
nation system according to the present embodiment;
FIG. 2 is a block diagram of a target angle determin-
ing apparatus according to the present embodiment;
FIG. 3 is a diagram for explaining an example for
determining a second group target according to the
present embodiment;

FIG 4 is a view for explaining an example of a second
group target determination upon changing a driving
data according to present embodiment;

FIG. 5 is a flowchart of a method for determining a
target angle according to the present embodiment;
and,

FIG. 6 is a block diagram of a target angle determi-
nation apparatus according to another embodiment.

DETAILED DESCRIPTION OF THE EXEMPLARY EM-
BODIMENTS

[0019] Hereinafter, embodiments of the presentdisclo-
sure will be described in detail with reference to the ac-
companying drawings. In adding reference numerals to
elements in each drawing, the same elements will be
designated by the same reference numerals, if possible,
although they are shown in different drawings. Further,
in the following description of the present disclosure, a
detailed description of known functions and configura-
tions incorporated herein will be omitted when it is deter-
mined that the description may make the subject matter
of the present disclosure rather unclear.

[0020] In addition, terms, such as first, second, A, B,
(a), (b) or the like may be used herein when describing
components of the present disclosure. These terms are
merely used to distinguish one structural element from
other structural elements, and a property, an order, a
sequence and the like of a corresponding structural ele-
ment are not limited by the term. It should be noted that
if it is described in the specification that one component
is "connected," "coupled" or "joined" to another compo-
nent, a third component may be "connected," "coupled,"
and "joined" between the first and second components,
although the first component may be directly connected,
coupled or joined to the second component.

[0021] FIG. 1is a schematic diagram of a target deter-
mination system according to the present embodiment.
[0022] Hereinafter, the target determining system 100
is applied to a vehicle equipped with a radar as an ex-
ample.

[0023] Referring to FIG. 1, a target determination sys-
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tem 100 according to one embodimentincludes a vehicle
sensor 110, a target angle determination apparatus 120,
a vehicle control device 130, and a drive device 140,
which elements may be interconnected via a vehicle
communication path 150, such as a CAN.

[0024] The vehicle sensor 110 refers to any one of the
vehicle sensors mounted on the vehicle and may transmit
sensing information detecting the outside and inside of
the vehicle to the target angle determination apparatus
120 and the vehicle control device 130.

[0025] Inone embodiment, the vehicle sensor 110 may
include a peripheral sensor that detects a target in sens-
ing range adjacentto the vehicle, such as a radar sensor,
a RIDAR sensor, a camera sensor, an infrared sensor,
an ultrasonic sensor, or the like.

[0026] For example, the radar sensor is operable to
transmit a pulse signal to a space around the vehicle,
receive a reflection signal reflected on the target, calcu-
late a target information such as distance, velocity, and
angle of the target, and provide the target information to
the target angle determination apparatus 120 and the
vehicle control device 130.

[0027] The target angle determination apparatus 120
according to the present embodiment may be implement-
ed as a part of, or in conjunction with, a vehicle sensor
apparatus capable of calculating the angle information
of a target within the sensing range.

[0028] In this case, the vehicle sensor may be a radar
sensor device that transmits a radar signal and receives
a reflection signal reflected from the target to detect the
angle of the target. However, the present embodiment is
not limited thereto, and may include any kind of sensors
capable of calculating an angle of the target within the
sensing range such as a camera sensor, an ultrasonic
sensor, and so on.

[0029] Hereinafter, a radar sensor device capable of
calculating the angle of the target within a certain angular
sensing range of the vehicle will be described as an ex-
ample.

[0030] The vehicle sensor 110 may also include a ve-
hicle dynamics sensor that generates driving data of the
vehicle such as a steering angle sensor, a vehicle speed
sensor, a torque sensor, and the like. For example, the
vehicle dynamics sensor as the vehicle sensor 110 is
operable to generate a driving data which is all kinds of
information which can be used to determine the expected
driving route of the host vehicle, such as the travelling
direction of the host vehicle, and operable to transmit the
determined driving data to the target angle determination
apparatus 120 and the vehicle control device 130.
[0031] In addition, the vehicle sensor 110 may include
a navigation device including map information, a posi-
tioning sensor such as a GPS, and the like, and may be
used to determine the curvature of the road on which the
vehicle travels from map information or positioning infor-
mation and to calculate the possible driving route of the
vehicle based on the curvature of the road.

[0032] The target angle determination apparatus 120
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may determine the angle of the target or a target angle.
Specifically, the target angle determination apparatus
120 may determine the angle of the target which is the
angle between the direction of the target in the space
around the vehicle and the driving direction of the vehicle.
[0033] The target angle determination apparatus 120
may be operable to calculate a first angle of the first group
target included in the radar data by using a first angle
calculation algorithm with a low resolution, to determine
a second group target which is part of the first group
target based on the possible driving target of the vehicle,
and to calculate a second angle of the determined second
group target by using a second angle calculation algo-
rithm with high resolution which is different from the first
angle calculation algorithm.

[0034] More specifically, the target angle determina-
tion apparatus 120 may have a function of calculating a
first angle which is an angle of the first group target in
the sensing area by using a first angle calculation algo-
rithm based on the received signal, a function of deter-
mining a second group targetincluding at least one target
located on the possible driving route among the first
group targets based on the calculatedfirst angle and pos-
sible driving route, a function of calculating a second an-
gle of the second group target by using a second angle
calculation algorithm different from the first angle calcu-
lation algorithm, and a function of determining a final tar-
get angle by determining the first angle of the first group
target not selected as the second angle and the second
angle as the final target angle.

[0035] Here, the angle of the target or the target angle
may be determined based on the driving direction of the
host vehicle.

[0036] A specific operation method of the target angle
determination apparatus 120 will be described later with
reference to FIG. 2 to FIG. 6.

[0037] The vehicle control device 130 may be operable
to control driving of the vehicle. Specifically, the vehicle
control device 130 may generate control signal and con-
trol the driving device 140 to control the driving of the
vehicle based on the sensing information received from
the vehicle sensor 110, the target angle information re-
ceived from the target angle determination apparatus
120.

[0038] Thedrivingdevice 140 may control the behavior
of the vehicle including a change of the speed of the
vehicle, a change of driving direction of the vehicle in
accordance with the control signal.

[0039] FIG. 2 is a block diagram of a target angle de-
termining apparatus according to the present embodi-
ment.

[0040] Referringto FIG. 2, the target angle determina-
tion apparatus 120 may include a radar data receiving
unit 210, a first angle calculating unit 220, a driving data
receiving unit 230, a second group target determining
unit 240, a second angle calculating unit 250, a target
angle determining unit 260, and a driving route calculat-
ing unit 270.
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[0041] Inthis disclosure, the first angle calculating 220
may be used with the same meaning as the term of "a
first angle determiner”, and the driving route calculating
unit 270 may be used with the same meaning as the term
of "a driving route determiner". In addition, the second
group target determining unit 240 may be used with the
same meaning as the term of "a second group target
determiner”, and the second angle calculating unit 250
and the target angle determining unit 260 may be used
with the same meaning as the term of "a second angle
determiner" and "atarget angle determiner” respectively.
[0042] Also, the target angle determination apparatus
120 may be used in an equivalent meaning with the term
of "a controller".

[0043] The radar data receiving unit 210 may receive
a radar data which is information obtained by scanning
a space around the vehicle by the radar sensor as a kind
of the vehicle sensor 110.

[0044] The first angle calculating unit 220 may calcu-
late the angle of the target existing in the space around
the vehicle. Specifically, the first angle calculating unit
220 may calculate the first angle which is the angle of
the first group target including at least one of target in-
cludedinthe radar data by using the firstangle calculation
algorithm.

[0045] In one embodiment, the first angle calculation
algorithm may be an algorithm for calculating an approx-
imate target angle, i.e., a first angle that is a target angle
with low resolution.

[0046] For example, the first angle calculation algo-
rithm may provide a low calculation amount, a high
processing speed, and a low accuracy angle calculation
algorithm. Specifically, the first angle calculation algo-
rithm may be an algorithm for calculating a first angle by
comparing radar data with a predetermined reference
value.

[0047] In one embodiment, the first angle calculation
algorithm may be a Bartlett algorithm.

[0048] The driving data receiving unit 230 may receive
the traveling data or driving data used for determining
the driving state of the host vehicle from the vehicle dy-
namics sensor among the vehicle sensor 110.

[0049] The driving route calculating unit 270 may cal-
culate the possible driving route that is the path or route
where the host vehicle is traveling or where the traveling
is scheduled to be carried out later.

[0050] In one embodiment, the driving route calculat-
ing unit 270 may calculate the possible driving route or
atravelable route based on the lane. For example, when
the vehicle travels on third-lane of the five-lane road, the
driving route calculating unit 270 may determine the sec-
ond-lane, third-lane and fourth-lane as the possible driv-
ing route of the vehicle.

[0051] In one embodiment, the driving route calculat-
ing unit 270 may calculate the possible driving route
based on the steering information input from the driver.
For example, when the vehicle drives the outermost lane
in the intersection area with turning on the right direction
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indication lamp and the driver steers the steering wheel
in the right direction, the driving route calculating unit 270
may determine a right vertical direction with reference to
the travelling direction of the vehicle as the possible driv-
ing route.

[0052] The driving route calculating unit 270 may de-
termine the curvature of the road on which the vehicle
travels by using at least one information selected from
the map information provided from the navigation sys-
tem, the position information received from the GPS de-
vice, the steering angle information received from the
vehicle dynamics sensor and may determine the possible
driving route based on the road curvature.

[0053] The second group target determining unit 240
may determine a second group target that is a target to
be considered in driving the host vehicle. That is, the
second group target determining unit 240 may determine
a second group target including at least one target se-
lected from the first group target.

[0054] In one embodiment, the second group target
determining unit 240 may determine the second group
target based on the first angle which is the angle of the
first group target and the possible driving route of the
host vehicle. For example, the second group target de-
termining unit 240 may determine one or more targets
existing in the possible driving route of the host vehicle
among the targets included in the first group target as
the second group target by using the first angle for the
first group target.

[0055] In one embodiment, the second group target
determining unit 240 may update information on the sec-
ond group target based on the changed driving data and
the first angle of the first group target when the driving
data of the host vehicle is changed.

[0056] At this time, the second group target may be
selected as a part of the first group target, and the second
group target may be selected among the first group tar-
gets based on the possible driving route of the host ve-
hicle.

[0057] For example, if a total of ten first group targets
exist within the detection range and if the possible driving
route of the vehicle is the straight ahead direction, the
targets from one target at the center of the detection
range to nine targets located at the center of the detection
range may be determined as the second group target.
[0058] If the driving route calculating section 270 pre-
dicts that the vehicle will make a lane change to the right
lane based on the turn-on state of the right turn signal
lamp or the right steering state, or if the driving route
calculating section 270 determines the path directed to
the right direction of the vehicle as the possible driving
route due to the curvature of the front road, the targets
from two to nine targets located on the right side of the
detection range may be determined as the second group
target.

[0059] At this time, the information for selecting the
second group target among the first group targets may
be at least one of the steering direction information, the
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steering angle information, information on the curved di-
rection of the front road, and the curvature of the road.
[0060] In addition, the position and size of the area for
selecting the second group target among the first group
targets in the detection range may be varied according
to the value of the steering angle or the curvature of the
road.

[0061] Asanexample, ifthe value of the steering angle
or the curvature of the road is relatively large, the first
group target located in the region which is largely deflect-
ed to the left or the right among the detection range may
be determined as the second group target.

[0062] The second angle calculating unit 250 may cal-
culate the angle of the second group target. Specifically,
the second angle calculating unit 250 may calculate the
second angle which is the angle of the second group
target located on the possible driving route of the host
vehicle among the first group targets by using the second
angle calculation algorithm have.

[0063] According to one embodiment, the second an-
gle calculation algorithm may be an algorithm different
from the first angle calculation algorithm.

[0064] As an example, if the first angle calculation al-
gorithm is a low resolution angle calculation algorithm,
the second angle calculation algorithm may be a high
resolution angle calculation algorithm.

[0065] In one embodiment, the second angle calcula-
tion algorithm may be an angle calculation algorithm hav-
ing a high computational complexity, a slow processing
speed, and a high angle accuracy compared to the first
angle calculation algorithm.

[0066] In one embodiment, the second angle calcula-
tion algorithm may include a Multiple Signal Classification
(MUSIC) algorithm, an Estimation of Signal Parameters
via Rotational Invariance Techniques (ESPRIT) algo-
rithm.

[0067] The target angle determining unit may finally
determine the angle of the target as a target angle or a
final target angle.

[0068] Specifically, the target angle determining unit
260 may determine the angle of the target included in
thefirstgroup target as the firstangle, and may determine
the angle of the targetincluded in the second group target
among the targets of the first group target as the second
angle.

[0069] In addition, the target angle determining unit
260 may determine at least one of the first angle and the
second angle as the target angle or the final target angle.
[0070] In Particular, the target angle determining unit
260 may determine the second angle as the final target
angle for the second group target located on the possible
driving route of the host vehicle, and may determine the
first angle as the final target angle for the other targets
of the first group target except the selected second group
target.

[0071] As aresult, it possible to minimize the system
load by calculating the target angle with high accuracy
only for the target existing in the driving route the vehicle
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which can affect the driving of the vehicle based.
[0072] The target angle determination apparatus 120
or the radar data receiving unit 210, the first angle cal-
culating unit 220, the driving data receiving unit 230, the
second group target determining unit 240, the second
angle calculating unit 250, the target angle determining
unit 260, and the driving route calculating unit 270 includ-
ed therein may be implemented as a part of a module in
the radar sensor device or a module of the ECU that
performs an object detection function by a radar.
[0073] The radar device or the ECU may include a
processor, a storage device such as a memory, and a
computer program capable of performing a specific func-
tion. The radar data receiving unit 210, the first angle
calculating unit 220, the driving data receiving unit 230,
the second group target determining unit 240, the second
angle calculating unit 250, the target angle determining
unit 260, and the driving route calculating unit 270 includ-
ed in the radar device may be implemented as software
modules performing their respective functions.

[0074] In addition, the target angle determination ap-
paratus 120 according to the present embodiment may
be implemented with a part of the module of the radar
sensor apparatus of the vehicle, butis not limited thereto,
and may be implemented as a module of a driver’s assist
system(DAS) of the vehicle or as a part of an integrated
controller (Domain Control Unit; DCU) which performs
an integrated control for a plurality of the driver’s assist
system(DAS).

[0075] The radar sensor device as the vehicle sensor
110 used in the target angle determination system ac-
cording to the present embodiment may include an an-
tenna unit including at least one transmission antenna
and at least one reception antenna, and a signal trans-
mission/reception unit for performing signal transmission
and reception through the antenna unit, and a signal
processing unit for receiving the reflection signal reflect-
ed from the first group target or the second group target
determined by the target angle determination apparatus
120 and for calculating position information of the target
such as the target angle of the target.

[0076] The antenna unit may include a transmission
antenna and a reception antenna, and the transmission
antenna may further include a transmission antenna for
long-range detection and a transmission antenna for
short-range detection.

[0077] Thetransmission antennaandthereceptionan-
tenna may include one or more micro-strip array antenna
elements, but is not limited thereto.

[0078] More specifically, the antenna unit according to
the present embodiment may include the transmission
antenna including at least one first transmission antenna
and a second transmission antenna spaced apart from
the first transmission antenna by a first vertical distance
Binavertical direction, and areception antennaincluding
at least one reception antenna disposed at the same ver-
tical position as the first transmission antenna.

[0079] According to the configuration described as
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above, two transmission antennas are arranged at a pre-
determined vertical distance in a vertical direction, and
transmission signals are simultaneously transmitted from
two transmission antennas, and reflection signals reflect-
ed by the target are received and processed so that both
horizontal information and vertical information of the tar-
get may be simultaneously acquired in the long-range
detection mode and the short-range detection mode.
[0080] According to another embodiment of the
present disclosure, the antenna unit may include a trans-
mission antenna unit which includes a first transmission
antenna group including a first transmission antenna ex-
tending in a first direction of a vertical direction, and a
second transmission antenna group including a second
transmission antenna and a third transmission antenna
extending in a second direction opposite to the first di-
rection and spaced apart from the first transmission an-
tenna by a first vertical distance.

[0081] The antenna unit may include a reception an-
tenna unit which includes a first reception antenna group
including a first reception antenna and a second recep-
tion antenna extending in the first direction, and a second
reception antenna group including a third reception an-
tenna and a fourth reception antenna extending in the
second direction and spaced apartfrom the first reception
antenna group by a second vertical distance.

[0082] According to the configuration described as
above, a part of a plurality of transmission antenna is
arranged in the first direction perpendicular to the ground,
the remaining transmission antennas of a plurality of
transmission antennas are arranged in the second direc-
tion opposite to the first direction, a part of the plurality
of reception antennas is arranged in the first direction,
the remaining reception antenna is arranged in the sec-
ond direction, and the transmission antenna for transmit-
ting the transmission signal and the reception antenna
forreceiving the reflection signal reflected from the object
are properly selected. As a result, the angular resolution
in the horizontal and vertical directions may be improved
in both of the long-range detection mode and the short-
range detection mode.

[0083] The structure of the antenna unit of the radar
sensor apparatus according to the present embodiment
is not limited to the above-described structure, and other
types of antennas may be used.

[0084] The radar sensor according to the present em-
bodiment may implement a multi-dimensional antenna
arrangement and a multiple-input and multiple-output
(MIMO) based signal transmission/reception scheme in
order to form a virtual antenna aperture larger than an
actual antenna aperture.

[0085] As an example, a two-dimensional antenna ar-
ray may be used in order to achieve a high angular pre-
cision and resolution in a horizontal direction and vertical
direction. By using a two-dimensional radar antenna ar-
ray, signals may be transmitted and received by two scan
times individually multiplexed horizontally and vertically,
and MIMO may be used separately from two-dimensional
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radar horizontal and vertical scans.

[0086] More specifically, the radar sensor according to
the present embodiment may include a two-dimensional
antenna array configuration including a transmitting an-
tenna unit with a total of 12 transmission antennas Tx
and a receiving antenna unit with a total of 16 reception
antennas Rx so that a total of 192 virtual reception an-
tenna arrangements may be utilized.

[0087] In this case, the transmission antenna unit in-
cludes three transmission antenna groups including four
transmission antennas, the first transmission antenna
group is spaced apart from the second transmission an-
tenna group by a predetermined distance in the vertical
direction, and the firsttransmission antenna group or sec-
ond transmission antenna group may be spaced apart
from the third transmission antenna group by a predeter-
mined distance D in the horizontal direction.

[0088] The reception antenna unit may include four re-
ception antenna groups including four reception anten-
nas, and each reception antenna group is arranged to
be spaced apartinthe vertical direction, and the reception
antenna unit may be disposed between the first trans-
mitting antenna group and the third transmission antenna
groups spaced apart from each other horizontally.
[0089] In another embodiment of the present disclo-
sure, the antenna unit of the radar sensor may be ar-
ranged as a two-dimensional antenna array, and as a
result, each antenna patch has a Rhombus grid layout
thereby reducing unnecessary side lobes.

[0090] Alternatively, the two-dimensional antenna ar-
rangement may include a V-shaped antenna array in
which a plurality of radiation patches are arranged in a
V-shape, and more specifically may comprise two V-
shaped antenna arrays. In this case, a single feed may
be provided to the vertex (Apex) of each V-shaped an-
tenna array.

[0091] Alternatively, the two-dimensional antenna ar-
rangement may include an X-shaped antenna array in
which a plurality of radiation patches are arranged in an
X-shape, and more specifically may comprise two X-
shaped antenna arrays. In this case, a single feed may
be provided to the center of each X-shaped antenna ar-
ray.

[0092] The radar sensor device according to the
presentembodiment may utilize a MIMO antenna system
in order to achieve a high detection accuracy or resolution
in vertical and horizontal directions.

[0093] More specifically, each transmission antenna
may transmit a signal having an independent waveform
different from each otherin a MIMO system. Thatis, each
transmission antenna transmits a signal of an independ-
ent waveform differentiating from that for the other trans-
mission antennas, and each reception antenna may de-
termine the transmission antenna transmitting the trans-
mission signal correspondent with the received signal
reflected from the target due to the different waveforms
of these signals.

[0094] In addition, the radar sensor according to the
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present embodiment may be configured to include a ra-
dar housing for accommodating a substrate and a circuit
including the transmission antenna and the reception an-
tenna, and a radome forming the exterior of the radar
housing.

[0095] Theradome may be made of a material capable
of reducing the attenuation of the radar signal transmitted
and received, and the radome may be constituted as a
part of an outer surface of the vehicle component such
as the front bumper, the rear bumper, the grill of the ve-
hicle and the side body of the vehicle.

[0096] The radome of the radar sensor according to
the present embodiment may be disposed inside a vehi-
cle grill, a bumper, a vehicle body, and may be disposed
as a part of the outer surface of a part of the vehicle body,
as a result, it is possible to provide a convenience in
mounting the radar sensor to the vehicle while improving
the appearance of the vehicle.

[0097] Aradarsensordevice oraradar system accord-
ing to the present embodiment may include at least one
of a front detection radar sensor mounted on the front of
the vehicle, a rear detection radar sensor mounted on
the rear of the vehicle, and a side detection radar sensor
mounted on respective side of the vehicle.

[0098] The radar sensor device or radar system ac-
cording to the present embodiment may include an elec-
tronic control unit (ECU) or a processor for analyzing the
transmission and reception signals and processing the
data and thereby for acquiring information of the target.
In addition, a communication link including an appropri-
ate vehicle network bus such as a CAN may be utilized
for the data transmission or signal communication be-
tween the radar sensor device and the ECU.

[0099] The radar sensor device according to the
present embodiment may further include a signal trans-
mission and reception unit for controlling the transmis-
sion and reception of the radar signal. The signal trans-
mission and reception unit may be operable to transmit
the linear frequency modulation signal through the an-
tenna unit under the control of the electronic control unit
and receive the reflection signal reflected from the target.
[0100] In detail, the signal transmitting and reception
unit may include a voltage controlled oscillator (VCO), a
power divider, and a power amplifier in a transmission
part.

[0101] The voltage controlled oscillator VCO may gen-
erate a sinusoidal wave having a constant frequency
based on controlling of a pulse modulation controller. The
power divider may perform signal switching and power
distribution to a plurality of transmission antennas or re-
ception antennas.

[0102] Furthermore, the power amplifier may perform
a function of amplifying the amplitude of the transmission
wave transmitted from the transmission antenna.
[0103] The signal transmitting and reception unit may
include a low noise amplifier (LNA) for low-noise ampli-
fying a signal received in a reception antenna, a mixer
for mixing a transmission signal and a reception signal
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and a low-pass filter (LPF) in a reception part.

[0104] The mixer may perform a convolution of the
transmission signal and the reception signal correspond-
ing to the transmission signal so as to generate a bit
signal, and the low-pass filter may perform a function of
passing only low-frequency signal components corre-
sponding to the bit frequency of the bit signal generated
by the mixer .

[0105] The electronic control unit or a signal process-
ing unit may receive the reception signal reflected from
the target by using each reception antenna, and may
calculate the information of the target such as position,
velocity, angle of the target based on the reception signal
and the transmission signal.

[0106] In this disclosure, the antenna unit, the signal
transmitting and reception unit, and the electronic control
unit or a signal processing unit of the radar apparatus
may be used with the same meaning as the term of "an-
tenna", "signal transmitter and receiver" and "controller"
respectively.

[0107] Although the target angle determination appa-
ratus 120 according to the presentembodiment has been
described as an apparatus separate fromthe vehicle sen-
sor 110 such as a radar sensor as a part of the target
determination system 100, the target angle determina-
tion apparatus 120 according to the present embodiment
may be implemented as a module included in the radar
sensor device.

[0108] In this case, the first angle calculating unit 220,
the driving data receiving unit 230, the second group tar-
get determining unit 240, the second angle calculating
unit 250, and the target angle determining unit 260 may
be implemented as parts within the signal processing unit
or the electronic control unit of the radar sensor appara-
tus.

[0109] Thatis, according to another embodiment of the
present disclosure, the target determining system may
include a radar sensing device including an antenna unit
including at least one transmission antenna and at least
one reception antenna, a signal transmission and recep-
tion unit for controlling transmission and reception of a
radar signal through the antenna unit, and a controller
as a signal processing unit for calculating the angle in-
formation of the target.

[0110] According to this embodiment of the present
disclosure, the controller as the signal processing unit
performs the function of the target angle determining ap-
paratus according to the present embodiment. Specifi-
cally, the controller may be operable to perform a function
of calculating the first angle which is the angle of the first
group target in the detection range by using the first angle
calculation algorithm, a function of calculating the possi-
ble driving route of the host vehicle based on the driving
data of the vehicle, a function of determining the second
group target including at least one of the target located
existing in the possible driving route from the first group
target based on the calculated firstangle and the possible
driving route, a function of calculating the second angle
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of the determined second group target by using the sec-
ond angle calculation algorithm different from the first
angle calculation algorithm, and a function of determining
the second angle for the second group target and the
first angle for the first group target not selected as the
second group target as the final target angle.

[0111] FIG. 3 is a diagram for explaining an example
for determining a second group target according to the
present embodiment.

[0112] Referring to FIG. 3, there are shown a host ve-
hicle 310 traveling on third lane of a five lanes road and
other vehicles 320, 330, 340, 350 and 360 travelling on
the front of the host vehicle 310. At this case, the target
angle determination apparatus 120 may determine the
possible driving route of the host vehicle includes a sec-
ond lane, a third lane and fourth lane based on the driving
data of the host vehicle received from the vehicle sensor
110. That is, the target to be considered in the traveling
of the host vehicle is the other vehicle 330 located in the
second lane, the other vehicle 340 located in the third
lane, and the other vehicle 350 located in the fourth lane.
[0113] The target angle determination apparatus 120
may determine all of other vehicles 320 to 360 travelling
on the first lane to the fifth lane on the front of the host
vehicle 310 as the first group target and may calculate
the first angles for each of other vehicles 320 to 360 as
the first group target.

[0114] In this case, the target angle determination ap-
paratus 120 may utilize the first angle calculation algo-
rithm having a relatively small calculation amount or a
low resolution such as a Bartlett algorithm.

[0115] Thereafter, the target angle determination ap-
paratus 120 may determine the other vehicles 330 to 350
existing in the angular range including the second lane,
the third lane and the fourth lane adjacent to the possible
driving route of the host vehicle as the second group tar-
get.

[0116] The target angle determination apparatus 120
may calculate the second angles for the other vehicles
330 to 350 existing in the second lane, the third lane and
the fourth lane. Finally, the target angle determination
apparatus 120 may determine the first angle as the final
target angle for the other vehicle 320 on the first lane and
the other vehicle 360 on the fifth lane, and may determine
the second angle as the final target angle for the other
vehicles 330, 340, 350 existing in the second lane, the
third lane and the fourth lane.

[0117] The second angle calculation algorithm having
a higher computation amount or higher resolution com-
pared to the first angle calculation algorithm may be used
for calculating the second angle for the second group
target.

[0118] The second angle calculation algorithm may in-
clude a MUSIC (Multiple Signal Classification) algorithm,
ESPRIT (Estimation of Signal Parameters via Rotational
Invariance Techniques) algorithm.

[0119] FIG 4 is a view for explaining an example of a
second group target determination upon changing a driv-
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ing data according to present embodiment.

[0120] Referring to FIG. 4, there are shown a host ve-
hicle 410 which drives on the third lane of five lanes road
and is predicted to change from the third lane to the fourth
lane and other vehicles 420, 430, 440, 450 and 460 trav-
elling on the front of the host vehicle 410. At this case,
the target angle determination apparatus 120 may deter-
mine an area including the third lane, the fourth lane and
the fifth lane roads as the area for selecting the second
group target selection based on the possible driving route
of the host vehicle, since the host vehicle drives on the
third lane and is predicted to change from the third lane
to the fourth lane.

[0121] The target angle determination apparatus 120
may determine the other vehicles 440, 450 and 460 ex-
isting in the third lane, the fourth lane and the fifth lane
asthe second group target, and may calculate the second
angle of the other vehicles 440, 450 and 460.

[0122] Finally, the target angle determination appara-
tus 120 may determine the first angle as the final target
angle for the other vehicle 410 on the first lane and the
other vehicle 420 on the second lane, and may determine
the second angle as the final target angle for the other
vehicles 440, 450 and 460 existing in the third lane, the
fourth lane and the fifth lane.

[0123] That is, the driving route calculating unit 270
may determine whether the lane change of the host ve-
hicle is predicted or not based on the turn signal lamp
state of the host vehicle, the input steering angle and the
like, and the second group target determining unit 240
may determine the target of the first group target existing
on the lanes to be changed as the second group target.
[0124] In addition, although not shown, the driving
route calculating unit 270 may calculate the curvature of
the road on which the vehicle travels by using at least
one of the map information provided from navigation, po-
sition information received from the GPS device, and
steering angle information received from the vehicle dy-
namic sensor.

[0125] The second group target determining unit 240
may determine a part of the first group targets existing
on the possible driving route determined based on the
the curvature of the road as a second group target.
[0126] FIG.5isaflowchartofamethod for determining
a target angle according to the present embodiment.
[0127] Hereinafter, the method for determining a target
angle according to the present embodiment will be de-
scribed as an example performed by the target angle
determination apparatus 120 shown in FIG. 1, and it is
apparent that the description of the target angle determi-
nation apparatus 120 described above may be applied
to the method for determining a target angle according
to the present embodiment.

[0128] Instep S510, the target angle determination ap-
paratus 120 may receive the radar data. Specifically, the
target angle determination apparatus 120 may receive
radar data which is information obtained by scanning the
space around the vehicle by using the radar sensing de-
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vice.

[0129] Instep S520, the targetangle determination ap-
paratus 120 may calculate the first angle. Specifically,
the target angle determination apparatus 120 may cal-
culate the first angle which is the angle of the first group
target included in the radar data by using the first angle
calculation algorithm.

[0130] Instep S530, thetargetangle determination ap-
paratus 120 may receive the driving data of the host ve-
hicle. Specifically, the target angle determination appa-
ratus 120 may receive the driving data from the vehicle
sensor 110 which is used for checking the driving infor-
mation of the host vehicle and determining the possible
driving route of the host vehicle.

[0131] Instep S540, the targetangle determination ap-
paratus 120 may calculate the possible driving route of
the host vehicle. Specifically, the target angle determi-
nation apparatus 120 may determine the possible driving
route which is a route that the host vehicle is expected
to travel based on the driving data.

[0132] Instep S550, the targetangle determination ap-
paratus 120 may determines the second group target.
Specifically, the target angle determination apparatus
120 may determine a second group target which includes
one or more targets to be considered in the traveling of
the host vehicle among the first group targets based on
the first angle and the possible driving route.

[0133] Instep S560, the targetangle determination ap-
paratus 120 may calculate the second angle of the sec-
ond group target. Specifically, the target angle determi-
nation apparatus 120 may calculate the second angle
which is the angle of the target included in the second
group target by using the second angle calculation algo-
rithm.

[0134] Instep S570, thetargetangle determination ap-
paratus 120 may determine the final target angle of the
target. Specifically, the target angle determining appara-
tus 120 may determine the first angle for the first group
target excluding the second group target as the final tar-
get angle, and may determine the second angle for the
targetincluded in the second group target among the first
group targets as the final target angle.

[0135] FIG. 6 is a block diagram of a target angle de-
termination apparatus according to anotherembodiment.
[0136] The targetangle determination apparatus orthe
target determining system described above may be em-
bodied in a computer system, for example, as a compu-
ter-readable recording medium.

[0137] As showninthe FIG. 6, a computer system 600
as the target angle determination apparatus 120 or the
target determining system 100 may include one or more
element of a processors 610, a memory 620, a storage
630, a user interface input 640, and a user interface out-
put 650, which are capable of communicating with one
another via a communication bus 660. In addition, the
computer system 600 may also include a network inter-
face 670 for connecting to a network.

[0138] The processor 610 may be a CPU or a semi-
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conductor device that executes processing instructions
stored in memory 620 and/or in the storage 630.

[0139] Memory 620 and storage 630 may include var-
ious types of volatile/non-volatile storage media. For ex-
ample, the memory may include ROM 624 and RAM 625.
[0140] Accordingly, embodiments of the present dis-
closure may be embodied in a computer-implemented
method or nonvolatile computer storage medium storing
computer-executable instructions. The computer-exe-
cutable instructions may be executed by the processor
to perform the method according to at least one embod-
iment of the present disclosure.

[0141] In the target angle determining apparatus hav-
ing such a hardware configuration, a software or a pro-
gram for performing the functions of a radar data receiv-
ing unit 210, a first angle calculating unit 220, a driving
data receiving unit 230, a second group target determin-
ing unit 240, a second angle calculating unit, the target
angle determining unit 260 and the driving route calcu-
lating unit 270 may be stored or installed in the memory
620 or the storage unit 630, and may be executed by the
processor 610.

[0142] More particularly, the computer system 600 for
performing the target angle determination apparatus 120
according to the present embodiment may execute soft-
ware stored in a memory so as to calculate a first angle
of the first group targetincluded in the radar data by using
the first angle calculation algorithm with the low resolu-
tion, to determine a part of the first group target ad the
second group target based on the possible driving route
of the host vehicle, and to calculate the second angle of
the second angle target selected from the first group tar-
get by using the second angle calculation algorithm with
the high resolution based on the possible driving route
of the host vehicle.

[0143] The construction of the determination of the tar-
get angle by the execution of such a program may be
same as those described above with reference to FIGs.
1 to 5, and therefore, a detail description thereof will be
omitted in order to avoid duplication.

[0144] According to the target angle determination ap-
paratus and radar device of the present embodiment, it
is possible to efficiently determine the angle of the target
by selectively applying the angle calculation algorithm of
high resolution and the angle calculation algorithm of low
resolution according to the driving information of the ve-
hicle.

[0145] More specifically, the first angle of the first group
target included in the radar data may be calculated by
the first angle calculation algorithm of low resolution, and
a part of the first group targets may be determined as the
second group target on the basis of the possible driving
route of the vehicle, and the second angle of the deter-
mined second group target may be calculated by the sec-
ond angle calculation algorithm of a high resolution so
that the precise target angle may be re-calculated only
for the target existing in the area around the vehicle and
being capable of affecting the driving of the host vehicle.
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Therefore, it is possible to minimize unnecessary calcu-
lation operations and reduce the system load.

[0146] The apparatus and method according to em-
bodiments of the present disclosure may be implemented
in the form of program instructions that can be executed
through various computer means and may be recorded
in a computer-readable medium. The computer readable
medium may include program instructions, data files, da-
ta structures.

[0147] The hardware devices described above may be
configured to operate as one or more software modules
to perform the functions according to the present embod-
iment.

[0148] Although a preferred embodiment of the
presentdisclosure has been described for illustrative pur-
poses, those skilled in the art will appreciate that various
modifications, additions and substitutions are possible,
without departing from the scope and spirit of the disclo-
sure as disclosed in the accompanying claims. There-
fore, the embodiments disclosed in the present disclo-
sure are intended to illustrate the scope of the technical
idea of the present disclosure, and the scope of the
present disclosure is not limited by the embodiment. The
scope of the present disclosure shall be construed on
the basis of the accompanying claims in such a manner
that all of the technical ideas included within the scope
equivalentto the claims belong to the present disclosure.

Claims

1. An apparatus for determining a target angle, the ap-
paratus comprising:

a first angle determiner (220) for determining a
firstangle which is an angle of a first group target
included in a radar data;

a driving route determiner (270) for determining
a possible driving route of a host vehicle based
on a driving data of the host vehicle;

a second group target determiner (240) for de-
termining a second group target including at
least one target located on the possible driving
route among the first group target based on the
possible driving route and the first angle deter-
mined;

a second angle determiner (250) for determining
a second angle that is an angle of the second
group target located on the possible driving
route among the first group target based on the
possible driving route and the first angle deter-
mined; and,

a target angle determiner (260) for determining
the target angle by determining the first angle
as the target angle for the first group target ex-
cluding the second group target and by deter-
mining the second angle as the target angle for
the second group target.
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The apparatus of claim 1, wherein the driving route
determiner (270) determines a curvature of a road
on which the host vehicle drives by using at least
one of map information, position information, and
steering angle information and calculates the possi-
ble driving route based on the curvature of the road,
and,

the second group target determiner (240) deter-
mines at least a part of the first group targets existing
in an area including the possible driving route of the
host vehicle as the second group target.

The apparatus of claim 1 or 2, wherein the first angle
determiner (220) determines the first angle by using
a first angle calculation algorithm, and the second
angle determiner (250) determines the second angle
by using a second angle calculation algorithm differ-
ent from the first angle calculation algorithm.

The apparatus of claim 3, wherein the second angle
calculation algorithm has alarger calculation amount
or a higher angular resolution than the first angle
calculation algorithm.

The apparatus of one of claims 1 to 4, wherein the
driving route determiner (270) confirms whether a
lane change of the host vehicle based on at least
one of a state of a turn signal lamp of the host vehicle
and an input steering angle, and,

the second group target determiner (240) selects at
least one target of the first group target existing in
an area adjacent to the lane to be changed as the
second group target.

The apparatus of one of claims 1 to 5, wherein the
driving route determiner (270) determines a changed
possible driving route based on the changed driving
dataif the driving data of the host vehicle is changed,
and,

the second group target determiner (240) deter-
mines the second group target based on the
changed possible driving route.

A method for determining a target angle, the method
comprising:

determining a first angle which is an angle of a
first group target included in a radar data;
determining a possible driving route of a host
vehicle based on a driving data of the host ve-
hicle;

determining a second group target including at
least one target located on the possible driving
route among the first group target based on the
possible driving route and the first angle deter-
mined;

determining a second angle that is an angle of
the second group target located on the possible
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driving route among the first group target based
on the possible driving route and the first angle
determined; and,

determining the target angle by determining the
first angle as the target angle for the first group
target excluding the second group target and by
determining the second angle as the target an-
gle for the second group target.

The method of claim 7, wherein, in determining the
possible driving route of a host vehicle, further com-
prising determining a curvature of a road on which
the host vehicle drives by using at least one of map
information, position information, and steering angle
information and calculates the possible driving route
based on the curvature of the road, and,

wherein, in determining the second group target the
second group target, further comprising determining
at least a part of the first group targets existing in an
area including the possible driving route of the host
vehicle as the second group target.

The method of claim 7 or 8, wherein determining the
firstangle by using afirst angle calculation algorithm,
and, determining the second angle by using a sec-
ond angle calculation algorithm different from the first
angle calculation algorithm.

The method of claim 9, wherein the second angle
calculation algorithm has a larger calculation amount
or a higher angular resolution than the first angle
calculation algorithm.

The method of one of claims 7 to 10, wherein, in
determining the possible driving route, further com-
prising determining a changed possible driving route
based on the changed driving data if the driving data
of the host vehicle is changed, and,

wherein, in determining the second value, further
comprising determining the second group target
based on the changed possible driving route.

The method of one of claims 7 to 11, wherein, in
determining the possible driving route, further com-
prising confirming whether a lane change of the host
vehicle based on at least one of a state of a turn
signal lamp of the host vehicle and an input steering
angle, and,

wherein, in determining the second value, further
comprising selecting at least one target of the first
group target existing in an area adjacent to the lane
to be changed as the second group target.
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